Aims: A pilot study was done to evaluate the physical and mechanical properties of the Iraqi plaster (AlAhliya gypsum) and Plaster of Paris (British Gypsum), and to improve the quality by the incorporation of some additives. Materials and Methods: Two types of gypsum products were used in this study (Iraqi plaster, Plaster of Paris). Three types of additives {gum arabic at a concentration of (0.1%, 0.25%, 0.35%, 0.50%), calcium oxide at a concentration of (0.1%, 0.25%, 0.35%, 0.50%, 0.75%), and ferric oxide acts as a pigment (blue or red) at a concentration of (0.1%, 0.2%)} were incorporated after preparation into the weighted dried gypsum powder. The effects of these additives on the physical and mechanical properties of the experimental gypsum products (Iraqi plaster and Plaster of Paris) have been evaluated by measuring the water/powder ratio, setting time, linear setting expansion, and compressive strength. Four hundred sixty gypsum samples were prepared for this study. Mean, standard deviation, variance (ANOVA), and Duncan's multiple range tests were used to analyze the measurements. Results: ANOVA showed that there was a significant difference in the water/ powder ratio, setting time, linear setting expansion, and compressive strength between Iraqi plaster and Plaster of Paris depending upon the type and the concentration of each additive used. Conclusions: The last concentration of each additive (gum arabic 0.5%, calcium oxide 0.75%, or ferric oxide 0.2%) in all the experimental measurements that are incorporated within the two gypsum products showed results within the acceptable range of American Dental Association (ADA) specification No. 25.
INTRODUCTION
Gypsum materials are used extensiveely to make models casts and dies in dentistry.
(1) Gypsum products probably serve the dental profession more adequately after slight modification. (2) Several studies have been attempted to come up with an improved system for models and die construction. (3) Other study attempted to improve the mechanical properties of the gypsum products where oriented mainly towards the decrease of gauging water requirement. (4) In order to improve gypsum materials many attempts have been made by the use of various additives to gain several modifications related to the chemical, mechanical, physical and other properties of the gypsum materials. (5, 6) A pilot study was to improve the physical, and mechanical properties of the Iraqi plaster (Al-Ahliya gypsum) and Plaster of Paris (British gypsum) by incorporation of some additives.
MATERIALS AND METHODS
The Materials used in this study are Iraqi Plaster (Al--Ahliya Co. for gypsum industries Ltd/ Baghdad), Plaster Of Paris • Preparation of the Gypsum Samples: Prior to weight the gypsum sample, the dry material was thoroughly remixed by complete stirring or by rolling the container end over with a sufficient air space to permit the material to move freely. Sieving procedure had been done using sieve size of 100 µm. 100 gm of dried gypsum materials were weighted using an accurate electronic digital balance, and then the dried material was sieved for 20 minutes. The weights of the sieved materials were for the Iraqi plaster 91.047gm, and Plaster of Paris 97.345gm.
• Preparation of the Additives, includes:
Gum Arabic: The natural form of this material is obtained (B.D.H Acacia) as crystals with different shape, size and color. Before adding the material to the powdered gypsum, gum arabic was grounded to a fine powder and sieved by using a sieve of 100 µm.
Calcium The resultant product was sieved using a sieve size of 100 µm, and then placed in a closed container to prevent the contamination of the product from humidity. • Tests of the current study: The samples were prepared by mixing of the gypsum products with different concentration of the addictives as shown in Figure (1 Vicat apparatus which consists of a frame bearing a 300 gm movable rod, one end of the rod has a needle of 1mm in diameter and 5cm in length. Two hundred gm of the powder were mixed mechanically with distilled water according to the previously determined water/ powder ratio. The total time elapsed from the starting point of mixing to that where the needle first fail to penetrate the sample completely was taken as the Vicat setting time for that sample • Linear Setting Expansion Measurement: The setting expansions of the specimens were measured by modification of the method described by ADA specification No.25 (1975) . The apparatus consisted of rectangular metal box having the dimension of 104 mm in length and 58 mm in width with one fixed end stop and one movable brass slide. The motion of the free brass end was monitored by a dial gauge against the brass slide movement of the free brass end, which was monitored, by a dial gauge. The initial reading (IR) was taken one minute prior to measuring of the Setting time and final reading (FR) was taken two hours after mixing. The setting expansion was calculated according to the following formula:
L % = FR-IR /L ×100 (Al-Ameer) (7) , L %=Percentage of setting expansion. L = Actual length of the specimen (as measured by the digital vernier in millimeter).
• Compressive Strength Measurement of gypsum products: This test was determined according to ADA specifications No. 25 (1975) with special split moulds used to prepare specimens Figure ( 2). The sample was crushed after two hours from the start point of mixing by using unconfined compression machine and calculated according to the following formula: (surface area =3.14 Cm 2 ) Compressive Strength =Load (Kg) (Salem et al.) (8) ; Area (Cm 2 )
RESULTS AND DISCUSSION
The examined water/ powder ratio varies according to the type of gypsum materials being used (Tables 1 & 2) , and the type and concentration of the additives being incorporated within the gypsum products. The actual amount of water necessary to mix the calcium sulfate hemi hydrate is greater than the theoretical amount required for the chemical reaction (18.6 ml /100gm); the water requirement in excess to that necessary for the chemical reaction is called excess water. Adhesion between the particles of the hemi hydrate is an important factor in determining the amount of water required to produce a product that can be poured. These additives collectively when mixed with gypsum powders act as " surface active agents" by changing the condition of the surface of grains and the forces between them to be more easily wetted by water and these results are supported by Ridge and Boell. (9) Also, this may be due to the specification effect of the formed calcium hydroxide Ca(OH)2 /gum arabic mixture, which increases the pH of the mixture (increase alkalinity of the mixture).The emulsifying effect and the change in grain arrangements both result from gum arabic addition. The most effective and practical method for the control of setting time is by the addition of certain chemical modifiers to the mixture of dental plaster or stone. (11, 12) Retardors generally act by forming an adsorbed layer on the hemi hydrate to reduce its solubility and on the gypsum crystals present to inhibit growth (2) . In formulating dental products, manufacturers adjust the rate of setting reaction of raw hemi hydrate by adding accelerators or retardors and often as a balance mixture to meet the ADA requirements (Tables 3 &  4) . This can be explained that the rate of setting reaction is affected by the type and the concentration of the chemical modifiers, which were added within the gypsum materials. (13) Gypsum products with additives exhibit a retardation effect, this can be explained by the increase in alkalinity resulted from the effect of slaked calcium oxide Ca(OH) 2 in the mixture which acts as a retardor. This is supported by Brukl et al. (14) , and due to the coating effect of gum arabic making gypsum particles (nuclei of crystallization) to be coated with a thin layer of soluble gum Arabic. (15) From the results of the linear setting expansion (Tables 5 & 6) for the gypsum materials, there was a significant difference in the linear setting expansion for the Iraqi plaster and plaster of Paris (model plaster). The results obtained from these gypsum products remained within the acceptable range of American Dental Association (ADA) specification for linear setting expansion measured after two hours from the start point of mixing. This explains that the chemical composition of the gypsum product has a balance blended mixture between the chemical modifiers (retardors and accelerators) and the raw hemi hydrate. The factors that affected the strength of the gypsum materials are mainly include the amount of water required (water/powder ratio) to gain a workable mass (which is inversely related to the compressive strength); method of drying plus time intervals which aid the dental gypsum cast with sufficient time for the evaporation of the excess water from the set mass. After incorporation of additives, there was an increase in the compressive strength for both of Iraqi plaster and Plaster of Paris (Tables 7 & 8 ). This can be explained by the reduction in the water/ powder ratio for the Iraqi plaster due to the emulsifying effect of combined additives, act of calcium oxide as a hardener modifier, and improved the adhesive forces between particles. 
